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AN ABLATIVE BAFFLE FOR A LIQUID ROCKET ENGINE THRUST CHAMBER 

FIELD OF THE INVENTION 

The present invention is related to an ablative baffle for a liquid rocket engine thrust 
chamber, and more particularly, to an ablative baffle for a liquid rocket engine thrust chamber, 
which has the capability of reducing the combustion instability of specific acoustic mode, which 
is generated during combustion inside combustion-chamber of liquid rocket engine thrust 
chamber. 

PRIOR ART 

A liquid rocket engine thrust chamber obtains thrust by ejecting high temperature and 
high pressure gas, which is produced from combustion of liquid propellant injected into 
combustion chamber. 

Such liquid rocket engine thrust chamber has high probability of combustion instability 
of specific frequencies in the spectrum, which may be generated during combustion inside 
combustion chamber. Generation of combustion instability and amplification thereof cause fatal 
problem of engine failure and worsen the reliability of liquid rocket engine. 

Recently, the technique of acoustic cavities or baffle is suggested to improve the 
combustion stability of liquid rocket engine thrust chamber. 

Firstly, an acoustic cavities are used for damping resonance frequency of combustion 
chamber by forming the space of predetermined shape in the head part, which is located in the 
upper part of thrust chamber or combustion chamber. Next, a baffle is mounted on the surface, 
on which injectors are located, and controls the radial and/or tangential flow of combustion gas 
so that resonance frequency may be damped. 

The technique of baffle is generally used to reduce combustion instability. However, 
the technique has a problem that a baffle is melted or damaged because it is mounted inside 
combustion chamber where high temperature and high pressure combustion gas are resided. 
When combustion instability occurs, even other apparatuses and parts, which are connected with 
an engine, could be damaged. 

A cooling method with propellant, which passes through cooling fluid passages in a 
baffle to prevent the temperature of baffle from rising over the predetermined temperature, is 
generally used to protect a baffle from melting or/and damaging. 

This method has a problem that a manufacturing method is complicated and additional 
pressurizing device to inject propellant at high pressure is needed. Furthermore, the system of 
engine and entire launch vehicle may become complicated. Another method to inject propellant 
at high pressure without any additional device is by pressurizing a propellant tank with high 
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pressure. This method has a fatal problem of thickening tank walls in order to endure high 
pressure, which increases the weight of tank and the weight of launch vehicle and decrease the 
performance of launch vehicle. 

The present invention is devised to solve the above-mentioned problems. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide an ablative baffle for a liquid rocket 
engine thrust chamber, which has the capability of reduction of combustion instability by a 
predetermined geometrical shape. 

In order to achieve the object, an ablative baffle for a liquid rocket engine thrust 
chamber according to the present invention comprises: a hub member having a hollow structure, 
of which the top and bottom parts are opened; a plurality of blade rib members, each of which is 
connected removably at one end to the outer surface of the hub member; and a blade-connecting 
member having a hollow structure, of which the top and bottom parts are opened, to the inner 
part of which each of the blade rib members is connected at the other end. 

Preferably, the hub member has a ring shape. 

More preferably, the hub member has a plurality of connecting holes to each of which 
the blade rib member is connected at one end, and has a plurality of ignition flame inducing 
holes smaller than the connecting holes. 

Still more preferably, centers of the connecting holes and the ignition flame inducing 
holes are on the same circumference of the inner or outer surface of the hub member. 

Preferably, the hub member comprises: a first metal core; and a first heat resistant 
material formed on the surface of the first metal core. 

More preferably, the outer surface of the first metal core is partly exposed in the lower 
part to form a recess part that is used for installation purpose. 

Preferably, each of the blade rib members comprises: a second metal core; and a 
second heat resistant material formed on the surface of the second metal core. 

More preferably, the lower part of the second metal core is exposed to form a first 
protrusion part. 

More preferably, the width-directional cross section of the second metal core has the 
shape of a rectangular rod having a plurality of wedges formed in the longitudinal direction. 

More preferably, a plurality of first through holes are formed in the second metal core. 
Preferably, the blade-connecting member has a ring shape. 

More preferably, a groove is formed on the lower surface of the blade-connecting 

member. 

Preferably, a plurality of second through holes are formed in the blade-connecting 
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member. 

More preferably, a zirconia heat resistant coating layer is formed on the inner surface 
of the blade-connecting member. 

Preferably, the blade-connecting member is lower in height than the blade rib member 
or the hub member. 

Preferably, the blade-connecting member is assembled with a plurality of divided parts, 
each of which is connected to the blade rib member. 

More preferably, the blade rib member and the divided part are formed as one body. 

Still more preferably, the blade-connecting member is assembled with equal divided 
parts of 2N or 2N+1 wherein N is a natural number. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is the perspective view of an ablative baffle for a liquid rocket engine thrust 
chamber according to the present invention. 

Fig. 2 is the exploded perspective view of Fig. 1. 

Fig. 3 is the perspective view of a hub member according to the present invention. 

Fig. 4 is a cross sectional view taken along the lines IV-IV of Fig. 3. 

Fig. 5 is a cross sectional view taken along the lines V-V of Fig. 3. 

Fig. 6 is a perspective view showing a blade rib member and the divided part of a 
blade-connecting member according to the present invention. 

Fig. 7 is a cross sectional view taken along the lines VII-VII of Fig. 6. 

Fig. 8 is a cross sectional view taken along the lines VH[-VIII of Fig. 6. 

Fig. 9 is a graph showing a pressure pulsation of the inside combustion chamber of a 
conventional liquid rocket engine. 

Fig. 1 0 is a graph showing a pressure pulsation inside combustion chamber having an 
ablative baffle for a liquid rocket engine thrust chamber according to the present invention. 

Fig. 11 is a photograph showing the state that an ablative baffle for a liquid rocket 
engine according to the present invention is attached to a head part of a thrust chamber. 

Fig. 1 2 is a photograph showing the state after a hot-fire combustion test in the state of 

Fig. 11. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereinafter, referring to the following appended drawings, the preferred embodiments 
of the present invention will be explained in detail. 

Fig. 1 is the perspective view of an ablative baffle for a liquid rocket engine thrust 
chamber according to the present invention, and Fig. 2 is the exploded perspective view of Fig. 
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1. 

Referring to Fig. 1 and 2, an ablative baffle for a liquid rocket engine thrust chamber 
according to the present invention comprises a hub member 10, a plurality of blade rib members 
20, each of which is connected at one end to the outer surface of the hub member 10, and a 
blade-connecting member 30 to the inner part of which each of the blade rib members 20 is 
connected at the other end. 

The hub member 10 has a hollow structure, of which the top and bottom parts are open. 

Preferably, the hub member 10 has a ring shape. 

The hub member 10 has a plurality of connecting holes 12a to each of which the blade 
rib member 20 is connected at one end, and has a plurality of ignition flame inducing holes 12b 
smaller than the connecting holes 12a, wherein the connecting holes 12a and the ignition flame 
inducing holes 12b are rectangular through holes whose vertical diameters are larger than their 
horizontal diameters. 

Furthermore, the inner center and outer center of radial end surface of connecting holes 
12a and radial end surface of ignition flame inducing holes 12b are located at the inner and 
outer circumference surfaces of hub member 10 respectively, and a plurality of ignition flame 
inducing holes 12b is located between connecting holes 12a. 

A second protrusion part 22 of the blade rib member 20 is inserted into the connecting 
hole 12a, and the opposite end of the blade rib member 20 is connected to a divided part 34 of 
the blade-connecting member 30. Furthermore, the blade rib member 20 is formed as one body 
with the divided part 34 of the blade-connecting member 30. 

The blade-connecting member 30 has a hollow structure, of which the top and bottom 
parts are open, and is lower in height than the blade rib member 20 or the hub member 10. 

Preferably, the blade-connecting member 30 has a ring or elliptic shape. 

Furthermore, a plurality of second through-holes 32a are formed in a blade-connecting 
member 30 for connection with the head part of liquid rocket engine thrust chamber (not shown), 
and a groove 32b is formed on the lower part of blade-connecting member 30, into which the 
head part and injector face of liquid rocket engine are inserted to remove any interference with 
the welding part of injector face. 

A heat resistant coating layer using zirconia is formed on the inner surface of blade- 
connecting member 30 to prevent blade-connecting member 30 from heat damage by contact to 
combustion gas of high temperature (refer to the enlarged cross sectional view of Fig. 2). 

Furthermore, the blade-connecting member 30 is assembled with a plurality of divided 
parts 34, each of which is formed as one body with the corresponding blade rib member 20. 
Particularly, the blade-connecting member 30 is divided into six equal parts. 

The blade-connecting member 30 according to the present invention is not only 
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divided into six equal parts, but also into two or more equal parts, preferably into 2N or 2N+1 
equal parts, wherein N is a natural number. 

Fig. 3 is the perspective view of a hub member according to the present invention, Fig. 
4 is a cross sectional view taken along the lines IV-IV of Fig. 3, and Fig. 5 is a cross sectional 
view taken along the lines V-V of Fig. 3. 

Referring to Figs. 3-5, the hub member 10 according to the present invention has six 
connecting holes 12a and twelve ignition flame inducing holes 12b along the same 
circumference of the inner or outer surface of the hub member 10. 

The connecting holes 12a are a through-holes to which said blade rib member is 
connected at one end, and the ignition flame inducing holes 12b are through holes which make 
ignition flame generated at an initial igniter(not shown) be distributed well in a combustion 
chamber(not shown). 

In seeing a cross section of the hub member 10, the hub member 10 comprises a first 
metal core 1 1 , and a first heat resistant material 1 3 formed on the surface of said first metal core 
11. 

The outer surface of the first metal core 1 1 is partly exposed in the lower part to form a 
recess part 11a that is used for installation purpose. 

Fig. 6 is a perspective view showing a blade rib member and a piece of a blade- 
connecting member according to the present invention, and Fig. 7 is a cross sectional view taken 
along the lines VII-VII of Fig. 6, and Fig. 8 is a cross sectional view taken along the lines VIII- 
VDI of Fig. 6. 

Referring to Figs. 6-8, the blade rib member 20 and the divided part 34 of the blade- 
connecting member 30 are formed as one body, and four second through holes 32a are formed 
in the divided part 34. 

The blade rib member 20 comprises a second metal core 21, and a second heat resistant 
material 23 formed on the surface of the second metal core 21, wherein the lower part of the 
second metal core 21 is exposed to form a first protrusion part 21a. 

Furthermore, the width-directional cross section of said second metal core 21 has a 
shape of a rectangular rod having a plurality of wedges formed in the longitudinal direction, and 
a plurality of first through holes 21b are formed in the second metal core 21, and the second 
heat resistant material 23 is filled in the first through-holes 21b. 

A groove 32b is formed on the lower part of blade-connecting member 30, into which 
the head part and injector face of liquid rocket engine thrust chamber are inserted to remove any 
interference with the welding part of injector face. 

Fig. 9 is a graph showing a pressure pulsation of the inside of a combustion chamber 
without the present invention and Fig. 10 is a graph showing a pressure pulsation of the inside 
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of a combustion chamber of a liquid rocket engine having an ablative baffle for a liquid rocket 
engine according to the present invention. 

Firstly, referring to Fig. 9, a pressure pulsation inside combustion chamber is not 
damped as time goes by. Thus, this liquid rocket engine may cause fatal problem of engine 
failure by increase of resonance frequency as described above. 

Next, referring to Fig. 10, a pressure pulsation inside combustion chamber of liquid 
rocket engine having an ablative baffle for a liquid rocket engine according to the present 
invention is generated at the initial stage but damped remarkably as time goes by. Thus, the 
present invention fundamentally prevents such fatal problems as engine failure caused by the 
general liquid rocket engine, by means of damping the pressure pulsation inside combustion 
chamber in a short time, using an ablative baffle for a liquid rocket engine thrust chamber 
having a simple geometrical shape. 

Fig. 1 1 and 12 are photographs showing states before and after the hot-fire combustion 
of liquid rocket engine having an ablative baffle for a liquid rocket engine thrust chamber 
according to the present invention. After the combustion, much soot is formed in the 
combustion chamber of liquid rocket engine, but an ablative baffle for a liquid rocket engine 
thrust chamber according to the present invention is not damaged and maintains the shape set up 
initially. 

The present invention described above has merits as follows. 

Firstly, the present invention does not use a conventional internal cooling method, but 
an ablation cooling method using the composite heat resistant material structure with metal core, 
so that a liquid rocket engine system may be simplified, and the reliability of liquid rocket 
engine increases, and the manufacturing cost is cut down. 

Secondly, the present invention can reduce the combustion instability by damping 
pressure pulsation generated in the combustion chamber of liquid rocket engine in a short time 
when a liquid rocket engine is ignited. Consequently, the present invention can prevent melting 
or breakdown of baffle, breakdown of tank, and so on caused by the combustion instability. 

Thirdly, the present invention enables an ablative baffle for a liquid rocket engine 
thrust chamber to be attached to and detached from the head part of liquid rocket engine thrust 
chamber without the structural change of liquid rocket engine thrust chamber. Thus, when an 
ablative baffle is damaged in developing a liquid rocket engine, only the replacement of ablative 
baffle is necessary without the re-manufacturing of head part of liquid rocket engine thrust 
chamber. 

Fourthly, the present invention has a simple structure, so that the manufacturing cost 
may be cut down, and the maintenance and repair are easy on account of easy attachment and 
detachment. Thus, the present invention can reduce the time of development of liquid rocket 
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engine having combustion stability. 

With this description of the invention in detail, those skilled in the art will appreciate 
that modifications may be made to the invention without departing from the spirit thereof. 
Therefore, it is not intended that the scope of the invention be limited to the specific 
embodiment illustrated and described. Rather, it is intended that the scope of the invention be 
determined by the appended claims. 



